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Not sure which way to turn? Here are tools
that can guide your treatment decisions.

By Steven Karceski, MD
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A
ny neurologist who cares for people with seizures
knows from experience just how challenging the
treatment of epilepsy can be. There are several
factors that make the management of epilepsy
especially intimidating. Proper diagnosis is one’s

first hurdle. Seizures manifest in many different ways, and can
sometimes be very difficult to diagnose based on history alone.
To complicate matters further, there are many different epilep-
sy syndromes, sometimes complicating the task of identifying
the correct one. Once the diagnosis has been made, the next
challenge is finding the finding the right medication (or com-
bination of meds). All too often, the process of selection seems
to be a tedious process of trial and error.  Patients may try
many medications as their doctors pursue the elusive “ideal
regimen.”

In contrast to neuromuscular disease specialists, who have a
limited medical armamentarium, epileptologists grapple with
almost “too many,” rather than “too few,” therapeutic options.
In the past decade, many new antiseizure drugs (and newer
fomulations of older drugs) have been introduced.  In addition,
the Food and Drug Administration (FDA) has approved the
use of an electronic device, vagus nerve stimulator, for the
treatment of refractory epilepsy.  The myriad of new therapies
has exponentially increased complexity of the path toward the
goal of seizure freedom. Because head-to-head comparison
studies of AEDs are rare, physicians must rely on available
medical literature which carefully studies the efficacy and safe-

ty of each drug in isolation. Physicians long for the sort of pin-
point accuracy that occurs outside the realm of medicine, in
the same way that technological advances have revolutionized
our lives in so many ways. 

So, how do you get by in a GPS world with only a compass
to guide you? Perhaps the step-by-step approach described
below can help. The decision-making algorithms presented in
this article, developed several years ago and reproduced here in
updated form, are not infallible, but do offer guidance to help
you navigate the daunting terrain of epilepsy management.

Setting Goals
It has long been the consensus among practitioners that the
objective in treating epilepsy is “no seizures, no side effects.”
More recently, studies have turned to studying a more elusive
target: improved quality of life.  The term quality of life
incorporates many factors, and tries to account for the
patient’s overall sense of well-being.

Before beginning treatment, however, neurologists must
first arrive at the proper diagnosis. Over 30 epilepsy syn-
dromes have been classified by the International League
Against Epilepsy. It is critical that  patients are matched to the
correct diagnosis.  It is too simplistic to merely establish a
diagnosis of “seizures.” The first step in simplifying the path
to seizure control (or improved quality of life) is to narrow
the options as much as possible before beginning treatment.
Information gathered from the patient’s history, family histo-



ry, risk factors for epilepsy, description of seizures, and results
of medical testing, such as neuroimaging and electroen-
cephalography, will confirm the specific type(s) of seizures
and the specific epilepsy syndrome. This information is cru-
cial to the selection of an appropriate treatment.2

Generally speaking, neurologists must distinguish
between two main seizure types: those that are partial at onset
(e.g., localization-related epilepsies such as temporal lobe
epilepsy), and those that are generalized at onset (e.g., gener-
alized epilepsies such as juvenile myoclonic epilepsy). For
simplicity, I will discuss epilepsy in terms of these broad cat-
egories.

Once you’ve established the diagnosis, the
first and often the best option is drug therapy.
Many factors influence the choice of
antiepileptic drug. Most important is the
seizure type (see Table 1) or epilepsy syndrome.
In the treatment of partial seizures, almost all
available agents have been shown to be effec-
tive.  However, in one survey, epilepsy experts
agreed that carbamazepine (Tegretol, Tegretol
XR, or Carbatrol) was the treatment of choice.3

For generalized seizures, treatment options
include lamotrigine (Lamictal), levetiracetam
(Keppra), topiramate (Topamax), valproate
(Depakote), felbamate (Felbatol), and zon-
isamide (Zonegran).  In this same survey, the
experts identified valproate as their treatment
of choice.3 Ethosuximide (Zarontin) was iden-
tified a treatment of choice for absence seizures:
is not as effective against other generalized
seizure types. 

The ABCs of AEDs
In addition to seizure type or epilepsy syn-
drome, a number of other factors influence the
selection of AED. Important considerations
include: potential side effects, idiosyncratic
reactions, frequency of dosing and the cost of
the drug. Certain patient populations require
special consideration. For instance, AEDs may
affect reproductive health in women with
epilepsy.4 Valproate has been associated with
the occurrence of polycystic ovarian syndrome,
menstrual irregularities and decreased fertility.
As a result, the use of valproate should be care-
fully considered in women with epilepsy, and
the neurologist should consider switching to an
alternative AED. In addition to this, long-term
use of some epilepsy agents may affect bone

health, contributing to osteopenia and osteoporosis.5

Other AEDs decrease the efficacy of oral contraceptive
drugs. Hepatic enzyme-inducing agents such as phenytoin,
primidone, carbamazepine, ethusuximide and barbiturates
cause the greatest problem. Felbamate, topiramate, and oxy-
carbazepine are weaker hepatic enzyme inducers, but still
cause problems when added to oral contraceptives. No data
suggest that valproate, lamotrigine, or gabapentin interfere
with OCPs. Counsel patients about the risks of contraceptive
failure, and recommend additional strategies, such as
increased dose of estrogen or barrier contraception.

AEDs are potentially teratogenic. The older AEDs (phe-
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Figure 1. Algorithm for Partial Epilepsy

Table 1. Seizure Types

Monotherapy

Partial Seizures
• Simple partial
• Complex partial
• Secondarily generalized

Generalized Seizures
• Generalized tonic-clonic
• Absence
• Myoclonic
• Tonic
• Clonic
• Atonic

Monotherapy (2nd agent)

Begin evaluation for
epilepsy surgery

Combination of two
AEDs (second attempt)

Combination 
of four AEDs 

Monotherapy 
(additional trials)

Combination of 
two AEDs

Combination of two
AEDs (additional

trials)

Vagus Nerve 
Stimulation

Combination 
of three AEDs

Combination 
of three AEDs 

(second attempt)

Ketogenic diet as
add-on

Combination 
of three AEDs 

(additional trials)



nobarbital, phenytoin, carbamazepine, and
valproate) are listed by the FDA as pregnan-
cy category “D”: there is potential risk to
the developing baby, but the benefits of the
medication may outweigh the potential
risks. Although other birth defects have
been attributed to this class of medication,
one of the most worrisome to the neurolo-
gist is the neural tube defect.
Carbamazepine and valproate used to be
though of as the worst offenders in this area.
However, recent information from pregnan-
cy registries around the world has suggested
that carbamazepine is not as troublesome as
once believed.  Valproate, on the other
hand, has consistently been shown to be
associated with an increased risk of birth
defects in these registries.  All of the newer
medications are pregnancy category “C”:
the risk to the developing baby is unknown.

If a patient requires combination thera-
py, physicians must weigh additional fac-
tors. The first issue is that the add-on AED
must be effective against the person’s seizure
type.  However, it seems logical to select a
medication that has a different mode of
action than the one to which it is being
added. In other words, there may be a better
chance of controlling seizures if the AEDs
are “attacking” the problem from different
angles. Although this concept is theoretical-
ly sound, there have never been controlled
randomized trials that prove that adding
AEDs with differing modes of action is
superior to combining medicines with simi-
lar mechanisms of action.  

In addition, the physician must consider
potential drug-drug interactions. Whenever
two AEDs are combined, there is the poten-
tial for problems. For instance, valproate
inhibits the metabolism of other hepatically
metabolized drugs. If a medicine is added to
valproate, we can expect that the serum lev-
els of the second medication will be elevated
as a result. Higher levels may translate into the emergence of
side effects.  Although not a serious problem, you must incor-
porate this effect into the treatment plan. 

How to Switch AEDs
Switching a patient from one AED to another, or altering a

combination, requires careful consideration of multiple fac-
tors: potential drug/drug interactions, previous response to
medications, and epilepsy type. In general, your approach
should be to maintain the initial medication at its current
dose as you slowly titrate the add-on AED to a dose that you
anticipate will be effective in controlling the patient’s seizure
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Figure 2. Algorithm for Generalized Epilepsy

Monotherapy

Monotherapy (2nd agent)

Combination of two
AEDs (second attempt)

Combination 
of four AEDs 

Monotherapy 
(additional trials)

Combination of 
two AEDs

Combination of
two AEDs (addi-

tional trials)
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as monotherapy

Vagus Nerve 
Stimulation

Combination 
of three AEDs

Begin evaluation
for epilepsy sur-
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of three AEDs 
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Figure 3. Algorithm for Refractory Epilepsy
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type. Once the dose of the add-on is achieved, slowly taper
the initial AED.

When using combination therapy, never replace or adjust
two agents at the same time.  If side effects arise, you will not
be able to identify the medication that is causing the prob-
lem. A more appropriate tactic is to maintain both medica-
tions at their current doses as you titrate a third agent to the
anticipated effective dose. Then, taper the agent you wish to
discontinue. There is added complexity in altering combina-
tions.  If side effects emerge as the dose of the new agent is
increased, you may find it necessary to taper one of the other
medications before the add-on reaches its ideal dose in order
to minimize side effects of all three medications in combina-
tion.

Though particular drug/drug interactions may not pre-
clude certain combinations, they will affect your approach.
One example is Depakote’s affect on hepatic metabolism. If,
for example, you replace Depakote with Lamictal, you’ll find
that serum levels of Lamictal are elevated during the overlap,
but they drop once Depakote is withdrawn. Be prepared to
address this drop. Depakote also increases serum concentra-
tions of carbamazepine epoxide, a metabolite of carba-
mazepine. Therefore, if Depakote and Tegretol overlap, the
patient’s epoxide levels may rise, producing possible adverse
effects. When two highly protein-bound AEDs, such as

tiagabine (Gabatril) and phenytoin (Dilantin), are combined,
both medicines will compete for protein binding.  The end
results is that the free fraction of the drugs will be higher,
causing more side effects.

An Approach to Chronic Epilepsy
No single treatment algorithm can address every type of
epilepsy, but it may be fair to begin by addressing the subdi-
visions of partial and generalized epilepsy. A recent survey
asked epileptologists to summarize their approach to the
treatment of both partial and generalized epilepsy (see Figures
1 and 2). The first few steps were nearly identical for both
types of epilepsy, with monotherapy representing the first-
line approach for both. When the initial medication fails to
completely control seizures, the physician selects a second
agent that has proven effectiveness against the person’s
seizure/epilepsy type. Failure of two monotherapy trials due
to ineffectiveness warrants trial of a combination of medica-
tions. Next, consider non-pharmacologic treatments.
Consensus waned from this point; the next best step is less
clear. Figure 1 outlines this step-wise approach to epilepsy
management.

Carefully designed studies support the approach outlined
above. Brodie demonstrated that 47 percent of drug-naïve
patients became seizure-free on the first AED. Thirteen per-
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Table 2. Common Factors that Influence AED Selection (not all AEDs are listed)

AED

Carbamazepine

Oxcarbazepine

Lamotrigine

Levetiracetam

Topiramate

Valproate

Felbamate

Zonisamide

Ethosuximide

Phenytoin

Tiagabine

Gabapentin

Primidone

SIDE EFFECTS

Diplopia, ataxia, nausea

Diplopia, ataxia, nausea

Somnolence, irritability

Fatigue, difficulty with concentration, weight loss

Fatigue, somnolence, hair loss, tremor,

easy bruising

Decreased appetite, insomnia, nausea

Nausea

Diplopia, ataxia, hirsutism

Sleepiness, dizziness  

Sleepiness, dizziness  

Sleepiness

IDIOSYNCRATIC REACTIONS

Hyponatremia, granulocytopenia, rash

Hyponatremia, rash

Rash

Glaucoma, kidney stones

Liver failure, pancreatitis

Liver failure, aplastic anemia

Kidney stones

Rash

DOSING FREQUENCY

BID or TID

BID

BID

BID

BID

BID or TID (possibly QD

with the ER formulation)

TID

QD or BID

TID

QD or BID

QD to TID

TID or QID

BID



cent were seizure-free on the second agent, and only one per-
cent on the third.6 The results suggest that neurologists
should try a combination of AEDs after failure of two (or
possibly three) trials of monotherapy. However, the study
showed that only three percent of patients achieved control
using a combination of AEDs. In other words, if one or two
single medications are ineffective in stopping seizures, a per-
son’s seizures are unlikely to respond to additional monother-
apies or AED combinations.

An Approach to Refractory Epilepsy
The term “refractory epilepsy” is equated with seizures that
do not respond to medications.  However, there is much
debate over the number of AED failures that must occur
before applying this term. Brodie’s data suggest that the
response to initial medication(s) will predict the response to
subsequent AED trials. If the initial one or two medications
are ineffective, subsequent AED trials are unlikely to produce
freedom from seizures.6 Therefore, it is possible to identify
persons with refractory epilepsy early in the course of their
illness. 

Seizures may fail to respond to medications for many rea-
sons. Misdiagnosis is one. Therefore, before the physician can
consider the seizures as refractory, he must re-evaluate the
diagnosis. Typically, re-evaluation takes place in an epilepsy
center where continuous video-EEG monitoring is available.
Monitoring confirms the epilepsy syndrome.  It is also useful
in identifying those patients who are most likely to respond
to non-pharmacologic treatments7(see Figure 3). 

There are three main non-pharmacologic therapies:
epilepsy surgery, VNS, and the ketogenic diet. Epilepsy sur-
gery includes focal brain resection, corpus callosotomy, and
subpial transection. Resection is worth considering in
intractable partial epilepsy. For instance, up to 85 percent of
patients with mesial temporal sclerosis may become seizure-
free following temporal lobectomy. Corpus callosotomy may
be beneficial in symptomatic generalized epilepsy where it
reduces the number of atonic or tonic seizures. Subpial tran-
section is designed to disrupt the propagation of seizures: it is
worth considering in cases where the epileptogenic zone coin-
cides with a region of eloquent cortex. Finally, epilepsy sur-
gery may reduce the mortality (sudden unexplained death in
epilepsy = SUDEP) associated with refractory generalized
seizures.8

Although VNS is approved only for use in refractory par-
tial seizures, it is effective in generalized seizures as well.
Considered a palliative procedure, VNS infrequently pro-
duces seizure freedom. When effective, VNS allows for a
reduction in the number and dose of concomitant AEDs,
minimizing the side effects of these agents. A 50 percent or

greater seizure reduction will occur in 37 percent of persons
with partial seizures, even those who have previously under-
gone epilepsy surgery. Refractory idiopathic epilepsy may
respond better. Up to 59 percent of patients experience a 50
percent or greater reduction in seizures (data from the VNS
patient registry).

Finally, some patients may benefit from the ketogenic
diet. The majority of calories in this diet is derived from fats,
which are metabolized into ketones (thus giving the diet its
name). Because it is so strict, it is a difficult diet for most
adults to maintain.  It is primarily applied to children with
refractory seizures. Patients should initiate the diet in a hos-
pital setting under the guidance of a physician, a nurse, and
a dietician. 

Once a person’s epilepsy is deemed refractory, refer to an
epilepsy center. As we have seen, this should be considered
after two medications have failed to control the person’s
seizures. Referral to an epilepsy center accomplishes several
goals. First, a re-evaluation and refinement of the diagnosis
can be performed using video-EEG monitoring. Second,
non-pharmacological treatments may be started. Third, the
center may be able to initiate experimental therapies, which
may only be available at an academic center.

Discussion
The proliferation of new therapies promises a better quality
of life for people with epilepsy.  However, it also produces
new (and generally welcome) challenges for neurologists, who
face a more complicated list of treatment options and possi-
ble combinations. AEDs are still the first-line therapy, of
course. But when initial AED trials do not produce seizure
freedom, consider non-pharmacologic treatments. Results of
a recent survey of leading epileptologists suggested several
possible treatment algorithms. Though the algorithms pro-
vide rational choices for these situations, they cannot address
all of the variables that influence medical decision-making.
In other words, the algorithms are a general guide, and do not

replace good clinical decision-making. PN
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